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caused by the use of this translation. 



4l This document has been translated by computer.So the translation may not reflect the original precisely. 
,2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor device characterized by having a silicon oxide containing the fluorine without the 2nd 
hygroscopicity with which it was formed on the # silicon oxide containing the 1st fluorine which fills between two or more 
wiring formed on the semiconductor substrate, and two or more aforementioned wiring, and the silicon oxide containing the 
1st fluorine of the above, and flattening of the front face was carried out. 

[Claim 2] The semiconductor device characterized by providing the following. Two or more wiring formed on the 
semiconductor substrate. The 2nd silicon oxide formed on the silicon oxide containing the fluorine without the 2nd 
hygroscopicity with which it was formed on the 1st silicon oxide formed on the aforementioned wiring, the silicon oxide 
containing the 1st fluorine formed on the silicon oxide of the above 1st, and the silicon oxide containing the 1st fluorine of 
the above, and flattening of the front fare was ram>H 

[Claim 3] The claim 1 characterized by the specific inductive capacity of the silicon oxide containing the 1st fluorine of the 
above being 3.3 or less or a claim 2 is the semiconductor device of a publication respectively. 

[Claim 4] The claim 1 characterized by the specific inductive capacity of the silicon oxide containing the 2nd fluorine of the 
above exceeding 3.3 or a claim 2 is the semiconductor device of a publication respectively. 

[Claim 5] The claim 1 characterized by the fluorine concentration of the silicon oxide containing the 1st fluorine of the above 

being 4x1021 atoms/more than cc or a claim 2 is the semiconductor device of a publication respectively. 

[Claim 6] The claim 1 characterized by the fluorine concentration of the silicon oxide containing the 2nd fluorine of the 

above being 4x1021 atoms/less than cc or a claim 2 is the semiconductor device of a publication respectively. 

[Claim 7] The manufacture method of the semiconductor device characterized by including the process which forms wiring 

on a semiconductor substrate, the process which forms the silicon oxide containing the 1st fluorine, the process which forms 

the silicon oxide containing a fluorine without the 2nd hygroscopicity, and the process which performs and carries out 

flattening of the chemical mechanical polishing only to the front face of the silicon oxide containing the 2nd fluorine of the 

above. 

[Claim 8] The manufacture method of a semiconductor device characterized by providing the following. The process which 
forms wiring on a semiconductor substrate. The process which forms the 1st silicon oxide. The process which forms the 
silicon oxide containing the 1st fluorine. The process which forms the silicon oxide containing a fluorine without the 2nd 
hygroscopicity, the process which performs and carries out flattening of the chemical mechanical polishing only to the front 
face of the silicon oxide containing the 2nd fluorine of the above, and the process which forms the 2nd silicon oxide. 
[Claim 9] The claims 7 or 8 characterized by the 1st silicon oxide of the above and the 2nd silicon oxide being plasma silicon 
oxides are the manufacture methods of the semiconductor device a publication respectively. 

[Claim 10] The claims 7 or 8 characterized by the silicon oxide containing the 1st fluorine of the above and the silicon oxide 
containing the 2nd fluorine being high-density plasma silicon oxides are the manufacture methods of the semiconductor 
device a publication respectively. 

[Claim 1 1] The claims 7 or 8 characterized by being the high-density plasma silicon oxide in which the silicon oxide 
containing the 1st fluorine of the above and the silicon oxide containing the 2nd fluorine were formed continuously are the 
manufacture methods of the semiconductor device a publication respectively. 

[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely 
2.**** shows the word which can not be translated. 3 ' 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] " ~~ ~ ~ ~~ 

[0001] 

[The technical field to which invention belongs] this invention relates to the semiconductor device which has an insulator 
layer and a layer insulation film, and its manufacture method in more detail about the manufacture method of 7 
semiconductor device and a semiconductor device 
[0002] 

Ee^^^o^vlf l,?^ 1 yearS ; thC detai,ed - ization if, progressing and the inclination can see a semiconductor 
integrated circuit notably ui the mu tilayer interconnection especially in a logical circuit, if the metal interval of a multilaver 

riSSffl ^^^^.^ wiring g becomes large^the fall of the ^SiST*" 

[YOOY]^ 

SenceforthTn'S^ ^T™? 11 t0 3 ^ COntent plasma silicon oxide (speSficLuctiv^ ^caJacTty 2 S 3) 

SSfcra SSSi^ 1 K • Sll,C0 " OXldE (SpeCi ?, C induCtive Ca P acit y 43 t about » (henceforth p- Si02 film) by the 
m™™? m method whlch was being used conventionally attracts attention 

!S™ 3 P "l 1 ^ fihn CM 1 b *.^ rmed a* 0 low s P ecific inductive capacity if fluorine concentration is made high 

aS^S^^^Su^ n • t . mUCh ' ^ is 2 f3Ult that moisture resistance wiH deteriorate. Therefore^ the 

Z ITh of levelby which moisture resistance does not deteriorate, specific inductive capacity is not reduced 

so much (about 3.3 specific inductive capacity). 

proposedby ^57 ° f making hi S h - densit y the plasma for solving the fault itself- it is - for example, - '95 SSDM It is 
EiS!? 1 "fwever although fluorine concentration could be made into high concentration from the old method by this method 
Sen sS?ly ° deten ° rate ,f " beCOmes more man a certain fluo ™e concentration, specific inductive capacity hasTot 

Kin^r 0 ^ WhCn ^ fSiOF film was used as a device, flattening of the film is indispensable and the chemical 
ZlZ™^™J$ meth ° d ( ? C3 m Followui g .CM?) was used as a method of carrying out flattening of the p-SiOF film, 
£ gafterSShef damp " pr °° f problem was a dlffi culty, and when CMP was used as a result, the dielectric constant had to 

r [ Z] S is in f3Ct in 3 d i ffi e uIt state to use CMP in a p-SiOF process till present as explained above 

CMP 'are explained 8UCSSeS * welI " known example for the time being, and two examples of an experiment which used 

ESiSi I*!™"™ tim !f 1 exanmle » an exam P le wh ieh forms a direct p-SiOF film on metal as shown in drawing 3 . For 
example SiF4^ 02 ! and three gas of Ar are used by the 1st efficient consumer response-CVD after metal 301 forma tion as 

SrfSS 5 t 3 , 3 n 919 ' A ' *f th | p - S i 0F ^ 302 Which has me 7x1021 atoms/cc fl ™ e concentmtion of ™ec fic 
S?r„H ,T W° m a . Wa 5 er n ld u 18 f °™?\ If CMP is Pe^ed for this film for flattening, a film will absorb moisture 
water and a dielectric constant will become high. 

!2° VIS™* thC c ° mbination of the fluorine into which it went so much with it being a still worse case is weak F and H20 
react, Ht occurs, the corrosion of metal occurs or the phenomenon in which metal melts happens. Here, the case where 
fluorine concentration is lowered to 1 .Ox 1 02 1 atoms/about cc is explained 

nSin/!l^ S te!2£lf ? er Processing by CMP. - It becomes as shown in (b). And a photoresist is applied to a film, 
rfvTrk £5 a P notoresi i t * cfmed out by eye doubling exposure, and it punctures by magnetron RIE etching which used 
d rx, cu, and Ar gas with etching technology. 

Kil^^T' the , b ,n!J k f t WCVD , afte r TiN formation is performed and beer metal 303 is formed by the flow of 

\Sr "f^ £ •' f ° r exam P'e, the continuation spatter of AlCu-TiN, is performed after that, and a photoresist 
performs patterning for it. It is drawing 3 1 time or by repeating two or more times about this operation. - A multilayer 
interconnection is formed as shown in (c). 

[0014] When all that matters here has the high fluorine concentration of a p-SiOF film, a film absorbs moisture by CMP 
Kmti S ^ g 3 and membranous fluorine concentration is that a low and a dielectric constant become high 
lv,mni^ 0 rK' fhefollowmg example is Si02 to the upper and lower sides of a p-SiOF film. By inserting a film, it is the 
«STa * -u down the - hygroscopicity of a p-SiOF film. Since the SiOF film manufactured by the TEOS system 
Ctetrapod ethoxy orthochromatic silicate : it is the same as that of the following) is indicated, JP,7-9372,B explains using it 
ine now view is shown in drawing 4 . 

whi?^^']} 6 1St metal « U1 formation and the 1st p-Si02 A film 402 is formed, the raw material of the TEOS system 

k i th 9nH n *M ^^ e l} hat ls u us f d > and il is si02 of fluorine content. A film (p-SiOF film 403) is formed and 

rnm -r. u P fter that 3gam - 7116 method of forming a film 404 is proposed. 

Si09 i ^f/ T a ! 1 °r F l fil ! n - is a high-density plasma CVD method advantageous to moisture resistance, and is plasma 
rnnicn considered as the film high-density plasma CVD method. 

1001 8] Although parallel monotonous type plasma CVD was used for this method in the conventional example, it assumes 
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^^^performed the cascade screen by the high-density plasma CVD method here. 

toT19] Here, it is 7x 1 02 1 atoms/cc about the fluorine concentration of a SiOF film. They are Si02 / SiOF/Si02 after the 1 st 
Kptal 401 formation and with a high-density plasma CVD method. If continuation growth is performed, it will become a 
Configuration as shown in drawing 4 ( a) or (a)'. It is drawing 4 here. - It is drawing 4 after performing the CMP method 
^processing when an interlayers p-SiOF film 403 is tmcK, as snown in (a). - as shown in (b), the p-SiOF film 403 will 
^become unreserved. Consequently, in order to prevent moisture absorption of a p-SiOF film from the first, it is a p-SiOF film 
' " p-Si02 Since the p-SiOF film 403 becomes unreserved having considered as the sandwich structure by the film, a film will 
. suck in water by CMP processing. As a result, a membranous dielectric constant will be gathered. 

[0020] Moreover, since it is not as mentioned above, when the p-SiOF film 403 is made thin like drawing 4 -(a)' and the 2nd 
Si02 film 404 is thickened, the p-SiOF film 403 does not become unreserved like drawing 4 -(b)' after CMP processing 
However, it is p-Si02 also between the metal layers which adjoin now. A film enters and the fault that a dielectric constant 
will increase occurs. 

[0021] | After that, it continues like the above-mentioned example 1 of an experiment with the beer hall formation -> beer 
metal formation -> 2nd metal formation, and, as for a configuration, a multilayer interconnection is formed like drawing 4 

(c) and (c)\ respectively. £ — 

[0022] the relation between the fluorine content in the silicon oxide containing the fluorine at the time of using high-density 
plasma CVD for drawing 5 , and specific inductive capacity - moreover, the relation between the fluorine content in the 
silicon oxide containing the fluorine at the time of using high-density plasma CVD for drawing 6 and hygroscopicity is 
shown (The collection of the 1995 semiconductor-integrated-circuit symposium drafts the 45th page) These drawings show 
an example of the fluorine content of a silicon oxide, and a dielectric constant and an inclination with hygroscopicity, and 
although a numeric value may change a little with equipment and fluorine content and these properties show the same rate, 
they show the inclination for the fluorine content of a silicon oxide to influence a dielectric constant and hygroscopicity. 
[0023] If CMP processing of the p-SiOF film of low specific inductive capacity [ trouble / lst/e^pies7f^ 
experiment ] is carried out, a dielectric constant will become high or a beer hall will become unusual. Furthermore, a metallic 
corrosion occurs. The reason willabsorb moisture, if p-SiOF of low specific inductive capacity is soaked in water, a 
dielectric constant increases, and it becomes a beer hall resistivity anomaly. Moreover, the water and the fluorine which 
absorbed moisture react and metaled corrosion occurs. 

[0024] The 2nd trouble is Si02 / SiOF/Si02 so that the 1st trouble may not occur in the example 2 of an experiment. If the 
middle p-SiOF layer of structure is made thin, the dielectric constant between metal layers will increase. The reason is 
p-Si02 occupied between metal layers. It is because a rate increases. 
[0025] 

[The technical problem which should solve invention] the purpose of this invention -- a semiconductor integrated circuit -- it 
aims at the improvement in reliability of increase prevention (realization of the reduction in a dielectric constant) of the layer 
mesenteriolum capacity in the case of high integration, increase prevention of beer hall resistance, etc. especially in 
multilayer-interconnection structure 
[0026] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the invention-in-this-application person 
inquired wholeheartedly, and reached this invention. That is, this invention includes the following embodiments. 
[0027] (1) It is offering the semiconductor device characterized by having a silicon oxide containing the fluorine without the 
2nd hygroscopicity with which it was formed on the silicon oxide containing the 1st fluorine which fills between two or 
more wiring formed on the semiconductor substrate, and two or more aforementioned wiring, and the silicon oxide 
containing the 1st fluorine of the above, and flattening of the front face was carried out. 

[0028] (2) It was formed on two or more wiring formed on the semiconductor substrate, the 1st silicon oxide formed on the 
aforementioned wiring, the silicon oxide containing the 1st fluorine formed on the silicon oxide of the above 1st, and the 
silicon oxide containing the 1st fluorine of the above, and flattening of the front face was carried out. The semiconductor 
device characterized by having a silicon oxide containing a fluorine without the 2nd hygroscopicity, and the 2nd silicon 
oxide formed on the silicon oxide containing the 2nd fluorine of the above. 

[0029] (3) (1) characterized by the specific inductive capacity of the silicon oxide containing the 1st fluorine of the above 
being 3.3 or less or (2) are the semiconductor device of a publication respectively. 

[0030] (4) (1) characterized by the specific inductive capacity of the silicon oxide containing the 2nd fluorine of the above 
exceeding 3.3 or (2) are the semiconductor device of a publication respectively. 

[0031] (5) (1) characterized by the fluorine concentration of the silicon oxide containing the 1st fluorine of the above being 
4x1021 atoms/more than cc or (2) are the semiconductor device of a publication respectively. 

[0032] (6) (1) characterized by the fluorine concentration of the silicon oxide containing the 2nd fluorine of the above being 
4x1021 atoms/less than cc or (2) are the semiconductor device of a publication respectively. 

[0033] (7) The manufacture method of the semiconductor device characterized by including the process which forms wiring 
on a semiconductor substrate, the process which forms the silicon oxide containing the 1st fluorine, the process which forms 
the silicon oxide containing a fluorine without the 2nd hygroscopicity, and the process which performs and carries out 
flattening of the chemical mechanical polishing only to the front face of the silicon oxide containing the 2nd fluorine of the 
above. 

[0034] (8) The manufacture method of the semiconductor device characterized by to include the process which forms wiring 
on a semiconductor substrate, the process which form the 1st silicon oxide, the process which form the silicon oxide 
containing the 1st fluorine, the process which form the silicon oxide containing a fluorine without the 2nd hygroscopicity, 
and the process which performs and carries out flattening of the chemical mechanical polishing only to the front face of the 
silicon oxide containing the 2nd fluorine of the above and the process which forms the 2nd silicon oxide. 
[0035] (9) (7) characterized by the 1st silicon oxide of the above and the 2nd silicon oxide being plasma silicon oxides or (8) 
are the manufacture method of the semiconductor device a publication respectively. 

[0036] (10) (7) characterized by the silicon oxide containing the silicon oxide containing the 1st fluorine of the above and the 
2nd fluorine being a high-density plasma silicon oxide or (8) are the manufacture method of the semiconductor device a 
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publication respectively. 

- [0037] (1 1) (7) characterized by being the high-density plasma silicon oxide in which the silicon oxide containing the 1 ,t 
[0038] 

[Embodiments of the Invention] Hie manufacture method of the semiconductor device of this invention and a 
X 1 £ r de ™ e ^ P™™ which forms the fluorine content plasma silicon oxide of to Tlst S'flSorL 

^^JS^SSS^ 0 ^ faCC fa Which the ?st metal wi ™g was formU^Krrfluorine 
^^rW?«!-?- • . ?■ J nd Iow fluonne concentration continuously, It is characterized bv 1 time or reoeatine 
? ^ C iu dmg 1116 pr0Cess which P erforms chemical mechanical polishing only to the 2nd fTo riSe Sn? 

film itTs exnected ifth, 51° 2 " d metal ™g ( drawing 1 ). Moreover, depending on the kind of plasma SiOF 

00391 n thfs else 2 r!5 ', S bad lf , Dasedona metal kind an <i> that a reaction occurs. 

p ?SiOF film" ^S!^^^^^^ ° Xid A^ er [ 1St ] the lst metal wirm 8 formati ° n > f o™ *e 
« tlu aoove 1st, rorms the 2nd p-SiOF, and performs CMP processus only to the 2nd D-SiOF film after that 

£?SS^S^5KX^S^^^ position ' 1,16 process which forms a metal in * e apert -> - d 

SSfSorin^K Si S mVCn? r !", ay redl,C u e me ? a P ac,t y between wir ing. although it embeds at least between wiring by 
SlSSSS^ ^^^JS W ' th S P^ fic fl inductiv e capacity smaller than a silicon oxide and there is™ 8 * 
Tf % v " PP s " rface .further, since the fluorine content silicon oxide with high specific inductive caoacitv is 
lormea, even n it carries out flattening nsin<» CMP 

^J^tT*'!?™™'' whe " u creat ^ me b ^ha.' proc^a bac^^^^ 

which does not almost have mo.sture absorption by the upper fluorine content silicon oxide does not occur 

ISSSi t? ^ C f' thC e J cam PL eo ? Ms invention is explained in detail with reference to a drawing, 
n Sni f. , S lf a ? le u- t , hlS lnve n tion is explained with reference to drawing 1 . Drawing 1 - As shown in fa) the lst 
L Sh S WrV »* » thl «5 les l ?f 5000A was formed in bias efficient^bTisurler response-CV D tEsSllO and 
Sfcc ^ P fn° F film 103 W,th a th,ckness of 10000A was formed further. The 2nd p-SiOF film 103 is 4 0x1021 atoms/cc 

feK „nlr a P 7 „ Waft T Slde here " This P lasma SiOF/Si02 Although to grow continuously is 

laymg-under-the-ground nature ] better, a laminated structure may grow separately, when the problem on an ooerating ratio 
has a high-density plasma CVD method and there is ** etc. It is drawing 1 only about the 2nd S-SiOT fiZb CMP 8 
processing after that. - As shown in (b), about 4000A is ground. TiyTReTIuorine concentration Sf this 2nd plLmV^iOF it is 
S d . y our experiment that it ,s the film which does not absorb moisture. Then, the photoresist wSS te i 
eye doubling and exposure were performed, patterning of the photoresist was carried out, and me LoKf ^ film ofSsiOT 
2™t d ty aa ^ a ^ etching which used C4 F8, CO, and Ar gas with etching technology Y P 

KJI rm0 / e ' ba !^ er layer ' by the blanket WCVD method after ™ formation, the tungsten was formed 
etchback was performed and beer metal 1 04 was formed luug^cu wd* lormea, 

KL 1 S en 'Jf 6 . 105 ' J f ° r exam P le > the continuation spatter of AlCu-TiN, was performed, and the photoresist 

forte™ as C !t " ' S draW1 " 8 1 ab ° Ut multilayer wirin g 1 time or b y repeating'two or more times Ks It 

8X13™ i h „H a tS^. P ^. CeSS fl °. W ' Cap3City b l tween metal la y ers could be made small > and the film could carry out 
SSthfch^rJSfi^H™^™ 6011011 b ^ a ™ Possible. ^ addition, the specific inductive capacity of Ae si icon 

S^ftSSe^JS ° f S "' COn ° XidC C ° ntaining the Ist fluorine in this contains 3-0 and 

[0046] Furthermore the 2nd example is explained in detail with reference to a drawing 2 Although the direct n-SiOF film 

ffkS^SiOTfliS; 3 P " Si ° F mm iS b3d ' a " d mCtal 3 " d P " Si0F ° CCUrS aCCOrdin S t0 £ iSdSSii or 

lOOOA SSis" 4oSn,H wnnnl 1S I P " Si ° 2 at , b ' aS e £ ,Cie "J- C0nsumer res P°^e-CVD on the 1st metal 201 . 
fita 204, fo?S5li?SJ^il^ 8 W6re Perf0med f ° r 3 film 202> thC 1St P ' Si0F flhn 203 ' and the 2nd p " Si0F 
[0048] The range of the fluorine concentration of the 2nd p-SiOF film 204 is 4.0x1021 atoms/less than cc and the fluorine 
IZLTvZlite. St '° Wer ' ayer P " Si0F film 203 had - 4 0x1021 atoms/cc [ more than ] ^o^t££^ST3l 
S?S a b °" t 4 ° 00A P ° lish in was Performed [ CMP processing ] only for the 2nd plasma SiOF film 204 after that 

Kb moSre C ° tl0n ° f ^ ^ P ' aSma Si ° F fi ' m ' ft is checked by «ur experiment tfat it is me film which does not 

mS5?i ¥i! S th l 2nd P " f,lm 205 was 8 rown U P about 2000A in thickness ( drawing 2 -(b)) 

F^&lS'^S^X tW °" ,ayer ' S A i02 by J ME etching which WTi^Wp^otoresist and used C4 
S ^/D?ftei ^TiN MhS,? ^ eXP ,° SU / e Ku A ^ 3SCade SC J een is P unctured - StiH like the lst example, BURANKETO 
r00521 TrS ?tl?>t i "w a s fo rmed, etchback was performed, and the beer metal 206 was formed. 
Berforined I naSn* Z^t ft Z'h ^"T't: cont ! n . uati on spatter of AlCu-TiN, was performed, and the photoresist 
^^f^^&'^r 2 ^ 3 ayCr interconnection 1 time or °y re P eatin g two or more times in 

S oVaTc^T^ and throu g h - J t !] e . lst meta '. a "d the 2nd metal are using the continuation 

KLir r, ,'T. a ~ and the 2n -^ exam P le ' as 30 additive to aluminum, Si, Pd, and Ti besides Cu are sufficient 

Moreover, Cu and Ag are suffic.ent even if it .s not aluminum. Although TiN is furthermore used for acid resisting T? TiW 
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Cr, and Si are sufficient. Moreover, as a beer metal, although W-CVD/TiN is used, Ag, Cu, and aluminum are sufficient 
instead of W of beer. Moreover, as a barrier metal, the monolayer of Ti, TiW, Si, and Cr or two ^or more ^kuids of its 
combination is sufficient. The type of gas which furthermore manufactures a p-SiOF film Sj|H4+02+Ar+CF4 and SiH4 + 
02+Ar+C two F6 and SiH4+02 + Ar+NF3 and SiF4+02+Ar - SiF4 + SiH4+02+Ar and TEOS+02 + Ar+CF4 and 
TEOS+02+Ar+C2 F6. TEOS+02+Ar+NF3, TEFS(FURORO triethoxysilane : it is the same as that or the 
following)+02+Ar, TEFS+SiH4+02+Ar, and TEOS+SiF4+Ar+02 What extracted Ar from either or the inside of this mside 
may be used. You may replace with the type of gas which may set to Xe instead of Ar for the reason on a 
laymg-under-the-ground disposition, and is used for a two-layer eye with the 1st layer. For example, they are SiF4+Ar+02 
and a two-layer eye about the 1st layer SiF4+SiH4+Ar+02 You may use. 

[00541 Moreover, although p-SiOF is performed by one of ICP-CVD (the bias efficient consumer response-CVD which used 
the parallel monotonous CVD which used the frequency of 13.56MHz, 13.56MHz, the parallel monotonous CVD using 2 
400kHz cycles and a 2.45GHz RF, and 13.56MHz bias, 2.45GHz, and 13.56MHz), or the He icon CVD, its high-density 
plasma CVD methods, such as bias efficient consumer response-CVD, ICP-CVD, and the Helicon CVD, are better. 
[0055] In order to abolish moisture absorption of the SiOF film after CMP completely furthermore, you may add 
300-450-degree C heat treatment after CMP. the atmosphere in the case of this processing - the inside ot 02, N2 H2, and a 
vacuum, and the inside of Air and helium - any one ~ or two or more sets may be seen and doubling is sutticient 
[00561 Moreover, Si02 Although SiOF thickness was set up for convenience in order to show an example, the combination 
of thickness which is different if it sets up so that only the 2nd SiOF may be processed by CMP processing is sufficient. 
[0057] Moreover, the 2nd p-SiOF film may be made into concentration with a fluorine concentration ot 4.0x1021 atoms/cc 
less than ], and you may make it the multilayer which is different in fluorine concentration in the range. Moreover, since 
there is a merit of this invention if the 1 section also of 1st p-SiOF layer also exists in a wafer even if the place whose 
fluorine concentration is 4.0x1021 atoms/more than cc is not the whole wafer surface such an embodiment is a so included 
in the range of the invention in this application. Moreover, although the 2nd p-SiOF film was limited with 4.0x1021 atoms/cc 
[ less than ] fluorine concentration, it can restrict to the field to which the 2nd p-SiOF film is all removed at CMP processing, 
and the film of the fluorine concentration beyond it can also be used. . 
[00581 the specific inductive capacity of the silicon oxide which contains the 1st fluorine by the method ot this invention - 
3 3 or less - desirable - 3.2 or less ~ it is - the minimum ~ 2.8 ~ it is 2.9 preferably moreover, the specific inductive 
capacity of the silicon oxide containing the 2nd fluorine ~ 3.3 ~ exceeding - desirable - 3.4 or more - it is - the upper 
limit -4.1 -it is 3.9 preferably . , , , . 

[0059] Moreover, the fluorine concentration of the silicon oxide which contains the 1st fluorine by the method ot this 
invention is 4.0x1021 atoms/more than cc, it is a 6.0x1021 atoms/cc [ more than ] ratio preferably, and the upper limit is 
8.0x1021 atoms/cc preferably 1.0x1022 atoms/cc. . 

[0060] Moreover, the fluorine concentration of the silicon oxide containing the 2nd fluorine is 2.0x1021 atoms/less than cc 
preferably 4.0x1021 atoms/less than cc, and the minimum is 1.0x1020 atoms/cc. 

[0061] In addition, the specific inductive capacity of the silicon oxide in which the specific inductive capacity ot the silicon 
oxide containing the 1st fluorine in this example contains 3.0 and the 2nd fluorine was 3.5. 

[0062] Furthermore, in the after [ blanket WCVD ] examples 1 and 2, although etchback was performed you may perform 
metal CMP. Moreover, you may carry out by selection W-CVD. Moreover, it is 02 because of a wettability improvement 
before CMP of a p-SiOF film, and CMP of the above-mentioned metal. You may perform plasma. 

[0063] Moreover, p-SiOF/p-Si02 of the 2nd example It is better for a laminating to carry out by continuation growth tor a 
laying-under-the-ground nature improvement especially in the case of a bias high-density plasma CVD method. 
[0064] 

[Effect of the Invention] Book ■ „ „*■ +u„ 

00651 since the 1st effect has the moisture resistance of a p-SiOF film itself even if it carries out CMP processing ot the 
P-SiOF film - low - the dielectric constant metal layer mesenteriolum can be built Since the reason makes the upper layer 
which carries out a p-SiOF layer to more than two-layer, and is exposed'to CMP processing 4.0x1021 atoms/cc [ less than j 
fluorine concentration, it is because there is moisture resistance. 

[00661 The 2nd effect is Si02 / SiOF/Si02. Even if it makes it structure, a comparatively small capacity between metal 
layers is obtained. The reason is SiOF two-layer / Si02. After forming structure, CMP processing is performed, and it is 
Si02 after that. Since it forms, it is Si02 of the upper layer. It is for not going into the layer mesenteriolum between the 
metal to which the layer is located in a line in the direction of X. 
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TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to the semiconductor device which has an insulator 
layer and a layer insulation film, and its manufacture method in more detail about the manufacture method of a 
semiconductor device and a semiconductor device. 
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p-Si02 Since the p-SiOF film 403 becomes unreserved having considered as the sandwich structure by the film, a film will 
suck in water by CMP processing. As a result, a membranous dielectric constant will be gathered. 

[0020] Moreover, since it is not as mentioned above, when the p-SiOF film 403 is made thin like drawing 4 -(a)' and the 2nd 
Si02 film 404 is thickened, the p-SiOF film 403 does not become unreserved like drawing 4 -(b)' atter CMP processing. 
However, it is p-Si02 also between the metal layers which adjoin now. A film enters* and the fault that a dielectric constant 
will increase occurs. 

[0021] After that, it continues like the above-mentioned example 1 of an experiment with the beer hall formation -> beer 
metal formation -> 2nd metal formation, and, as for a configuration, a multilayer interconnection is formed like drawing 4 
(c) and (c)', respectively. 

[0022] the relation between the fluorine content in the silicon oxide containing the fluorine at the time of using high-density 
plasma CVD for drawing 5 , and specific inductive capacity - moreover, the relation between the fluorine content in the 
silicon oxide containing trie fluorine at the time of using high-density plasma CVD for drawing 6 and hygroscopicity is 
shown (The collection of the 1995 semiconductor-integrated-circuit symposium drafts the 4Mh page) These drawings show 
an example of the fluorine content of a silicon oxide, and a dielectric constant and an inclination with hygroscopicity, and 
although a numeric value may change a little with equipment and fluorine content and these properties show the same rate, 
they show the inclination for the fluorine content of a silicon oxide to influence a dielectric constant and hygroscopicity. 
[0023] If CMP processing of the p-SiOF film of low specific inductive capacity [ trouble / 1st / examples / 1 and 2 / of an 
experiment ] is carried out, a dielectric constant will become high or a beer hall will become unusual. Furthermore, a metallic 
corrosion occurs. The reason will absorb moisture, if p-SiOF of low specific inductive capacity is soaked in water, a 
dielectric constant increases, and it becomes a beer hall resistivity anomaly. Moreover, the water and the fluorine which 
absorbed moisture react and metaled corrosion occurs. 

[0024] The 2nd trouble is Si02 / SiOF/Si02 so that the 1st trouble may not occur in the example 2 of an experiment. If the 
middle p-SiOF layer of structure is made thin, the dielectric constant between metal layers will increase. The reason is 
p-Si02 occupied between metal layers. It is because a rate increases. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] Book 

[0065] since the 1st effect has the moisture resistance of a p-SiOF film itself even if it carries out CMP processing of the 
p-SiOF film -- low -- dielectric constant metal ****** can be built Since the reason makes the upper layer which carries out 
a p-SiOF layer to more than two-layer, and is exposed to CMP processing 4.0x1021 atoms/cc [ less than ] fluorine 
concentration, it is because there is moisture resistance. 

[0066] The 2nd effect is Si02 / SiOF/Si02. Even if it makes it structure, a comparatively small capacity between metal 
layers is obtained. The reason is SiOF two-layer / Si02. After forming structure, CMP processing is performed, and it is 
Si02 after that. Since it forms, it is Si02 of the upper layer. It is for not going into ****** between the metal to which the 
layer is located in a line in the direction of X. 
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TECHNICAL PROBLEM 



[The technical problem which should solve invention] the purpose of this invention -- a semiconductor integrated circuit -- it 
aims at the improvement in reliability of increase prevention (realization of the reduction in a dielectric constant) of the 
membrane capacitance between layers in the case of high integration, increase prevention of beer hall resistance, etc. 
especially in multilayer-interconnection structure 
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MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned purpose, the invention-in-this-application person 
inquired wholeheartedly, and reached this invention. That is, this invention includes the following embodiments. 
[0027] (1) It is offering the semiconductor device characterized by having a silicon oxide containing the fluorine without the 
2nd hygroscopicity with which it was formed on the silicon oxide containing the 1st fluorine which fills between two or 
more wiring formed on the semiconductor substrate, and two or more aforementioned wiring, and the silicon oxide 
containing the 1st fluorine of the above, and flattening of the front face was carried out. 

[0028] (2) It was formed on two or more wiring formed on the semiconductor substrate, the 1st silicon oxide formed on the 
aforementioned wiring, the silicon oxide containing the 1st fluorine formed on the silicon oxide of the above 1st, and the 
silicon oxide containing the 1st fluorine of the above, and flattening of the front face was carried out. The semiconductor 
device characterized by having a silicon oxide containing a fluorine without the 2nd hygroscopicity, and the 2nd silicon 
oxide formed on the silicon oxide containing the 2nd fluorine of the above. 

[0029] (3) (1) characterized by the specific inductive capacity of the silicon oxide containing the 1st fluorine of the above 
being 3.3 or less or (2) are the semiconductor device of a publication respectively. 

[0030] (4) (1) characterized by the specific inductive capacity of the silicon oxide containing the 2nd fluorine of the above 
exceeding 3.3 or (2) are the semiconductor device of a publication respectively. 

[0031] (5) (1) characterized by the fluorine concentration of the silicon oxide containing the 1st fluorine of the above being 
4x1021 atoms/more than cc or (2) are the semiconductor device of a publication respectively. 

[0032] (6) (1) characterized by the fluorine concentration of the silicon oxide containing the 2nd fluorine of the above being 
4x1021 atoms/less than cc or (2) are the semiconductor device of a publication respectively. 

[0033] (7) The manufacture method of the semiconductor device characterized by including the process which forms wiring 
on a semiconductor substrate, the process which forms the silicon oxide containing the 1st fluorine, the process which forms 
the silicon oxide containing a fluorine without the 2nd hygroscopicity, and the process which performs and carries out 
flattening of the chemical mechanical polishing only to the front face of the silicon oxide containing the 2nd fluorine of the 
above. 

[0034] (8) The manufacture method of the semiconductor device characterized by to include the process which forms wiring 
on a semiconductor substrate, the process which form the 1st silicon oxide, the process which form the silicon oxide 
containing the 1st fluorine, the process which form the silicon oxide containing a fluorine without the 2nd hygroscopicity, 
and the process which performs and carries out flattening of the chemical mechanical polishing only to the front face of the 
silicon oxide containing the 2nd fluorine of the above and the process which forms the 2nd silicon oxide. 
[0035] (9) (7) characterized by the 1st silicon oxide of the above and the 2nd silicon oxide being plasma silicon oxides or (8) 
are the manufacture method of the semiconductor device a publication respectively. 

[0036] (10) (7) characterized by the silicon oxide containing the silicon oxide containing the 1st fluorine of the above and the 
2nd fluorine being a high-density plasma silicon oxide or (8) are the manufacture method of the semiconductor device a 
publication respectively. 

[0037] (1 1) (7) characterized by being the high-density plasma silicon oxide in which the silicon oxide containing the 1st 
fluorine of the above and the silicon oxide containing the 2nd fluorine were formed continuously, or (8) are the manufacture 
method of the semiconductor device a publication respectively. 
[0038] 

[Embodiments of the Invention] The manufacture method of the semiconductor device of this invention, and a 
semiconductor device The process which forms the fluorine content plasma silicon oxide of the 1st high fluorine 
concentration in the semiconductor substrate front face in which the 1st metal wiring was formed, and forms the fluorine 
content plasma silicon oxide of the 2nd low fluorine concentration continuously, It is characterized by 1 time or repeating 
two or more times including the process which performs chemical mechanical polishing only to the 2nd fluorine content 
plasma silicon oxide, the process which punctures in a desired position and the process which forms a metal in the aperture 
of **, and the process which forms the 2nd metal wiring ( drawing 1 ). Moreover, depending on the kind of plasma SiOF 
film, it is expected if the adhesion in an interface is bad if based on a metal kind and, that a reaction occurs. 
[0039] In this case, the process which forms the plasma silicon oxide after [ 1st ] the 1st metal wiring formation, forms the 
p-SiOF film of the above 1st, forms the 2nd p-SiOF, and performs CMP processing only to the 2nd p-SiOF film after that, 
More furthermore than a it top, it is characterized by 1 time or repeating two or more times including the process which 
forms the 2nd p-Si02, the process which punctures in a desired position, the process which forms a metal in the aperture, and 
the process which forms the 2nd metal wiring ( drawing 2 ). 

[0040] In order that this invention may reduce the capacity between wiring, although it embeds at least between wiring by 
the fluorine content silicon oxide at least with specific inductive capacity smaller than a silicon oxide and there is no 
hygroscopicity in the upper surface further, since the fluorine content silicon oxide with high specific inductive capacity is 
formed, even if it carries out flattening using CMP, increase of the specific inductive capacity by moisture absorption does 
not take place, either. Moreover, when creating the beer hall process of a back process, the poor beer hall resistance increase 
which does not almost have moisture absorption by the upper fluorine content silicon oxide does not occur. 
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EXAMPLE 



[Example] Next, the example of this invention is explained in detail with reference to a drawing. 
[0042] The 1st example of this invention is explained with reference to drawing 1 . Drawing 1 - As shown in (a), the 1st 
p-SiOF film 102 with a thickness of 5000 A was formed in bias efficient consumer response-uVD on the 1st metal 101, and 
the 2nd p-SiOF film 103 with a thickness of 10000A was formed further. The 2nd p-SiOF film 103 is 4.0x1021 atoms/cc 

less than ] fluorine concentration, and the 1st lower layer p-SiOF film 102 had 4.0x021 atoms/cc fluorine concentration 
higher than the 1st p-SiOF film in the wafer side here. This plasma SiOF/Si02 Although to grow continuously is 

laying-under-the-ground nature ] better, a laminated structure may grow separately, when the problem on an operating ratio 
has a high-density plasma CVD method and there is ** etc. It is drawing 1 only about the 2nd p-SiOF film in CMP 
processing after that. - As shown in (b), about 4000A is ground. By the iiuoriue concentration of this 2nd plasma SiOF, it is 
checked by our experiment that it is the film which does not absorb moisture. Then, the photoresist was applied to this film, 
eye doubling and exposure were performed, patterning of the photoresist was carried out, and the two-layer film of p-SiOF 
was punctured by magnetron RIE etching which used C4 F8, CO, and Ar gas with etching technology. 
[0043] Furthermore, as a barrier layer, by the blanket WCVD method after TiN formation, the tungsten was formed, 
etchback was performed and beer metal 104 was formed. 

[0044] Then, the 2nd metal 105, for example, the continuation spatter of AlCu-TiN, was performed, and the photoresist 
performed patterning for it. It is drawing 1 about multilayer wiring 1 time or by repeating two or more times in this. - It 
formed, as shown in (c). 

[0045] By the above process flow, capacity between metal layers could be made small, and the film could carry out 
flattening, and the multilayer interconnection became possible. In addition, the specific inductive capacity of the silicon 
oxide in which the specific inductive capacity of the silicon oxide containing the 1st fluorine in this example contains 3.0 and 
the 2nd fluorine was 3.5. 

[0046] Furthermore, the 2nd example is explained in detail with reference to a drawing 2. Although the direct p-SiOF film 
was formed on metal in the 1st example, it is good to use the 2nd example shown below at the times, like the reaction of the 
case where the adhesion of metal and a p-SiOF film is bad, and metal and p-SiOF occurs according to the kind of metal, or 
the kind of p-SiOF film. 

[0047] Drawing 2 - As shown in (a), it is the 1 st p-Si02 at bias efficient consumer response-CVD on the 1 st metal 20 1 . 
1000 A in thickness, 4000A, and 10000A growth were performed for a film 202, the 1st p-SiOF film 203, and the 2nd p-SiOF 
film 204, for example, respectively. 

[0048] The range of the fluorine concentration of the 2nd p-SiOF film 204 is 4.0x1021 atoms/less than cc, and the fluorine 
concentration of the 1st lower layer p-SiOF film 203 had a 4.0x1021 atoms/cc [ more than ] portion in the one section or ail 
within a wafer side. 

[0049] About 4000A polish in thickness was performed [ CMP processing ] only for the 2nd plasma SiOF film 204 after that. 
By the fluorine concentration of this 2nd plasma SiOF film, it is checked by our experiment that it is the film which does not 
absorb moisture. 

[0050] It is the 2nd p-Si02 on it. The film 205 was grown up about 2000A in thickness ( drawing 2 -(b)). 

[005 1] Then, they are Si02 / SiOF two-layer / Si02 by magnetron RIE etching which applied toe photoresist and used C4 

F8, CO, and Ar gas by eye doubling exposure. A cascade screen is punctured. Still like the 1st example, BURANKETO 

W-CVD after TiN formation was formed, etchback was performed, and the beer metal 206 was formed. 

[0052] Then, the 2nd metal 207, for example, the continuation spatter of AlCu-TiN, was performed, and the photoresist 

performed patterning for it. It is drawing 2 about a multilayer interconnection 1 time or by repeating two or more times in 

this. - It formed, as shown in (c). 

[0053] Although the above is the 2nd example, and through, the 1st metal, and the 2nd metal are using the continuation 
spatter of AlCu-TiN for the 1st and the 2nd example, as an additive to aluminum, Si, Pd, and Ti besides Cu are sufficient. 
Moreover, Cu and Ag are sufficient even if it is not aluminum. Although TiN is furthermore used for acid resisting, Ti, TiW, 
Cr, and Si are sufficient. Moreover, as a beer metal, although W-CVD/TiN is used, Ag, Cu, and aluminum are sufficient 
instead of W of beer. Moreover, as a barrier metal, the monolayer of Ti, TiW, Si, and Cr or two or more kinds of its 
combination is sufficient. The type of gas which furthermore manufactures a p-SiOF film SiH4+02+Ar+CF4 and SiH4 + 
02+Ar+C two F6 and SiH4+02 + Ar+NF3 and SiF4+02+Ar - SiF4 + SiH4+02+Ar and TEOS+02 + Ar+CF4 and 
TEOS+02+Ar+C2 F6, TEOS+02+Ar+NF3, TEFS(FURORO triethoxysilane : it is the same as that of the 
following)+02+Ar, TEFS+SiH4+02+Ar, and TEOS+SiF4+Ar+02 What extracted Ar from either or the inside of this inside 
may be used. You may replace with the type of gas which may set to Xe instead of Ar for the reason on a 
laying-under-the-ground disposition, and is used for a two-layer eye with the 1st layer. For example, they are SiF4+Ar+02 
and a two-layer eye about the 1st layer SiF4+SiH4+Ar+02 You may use. 

[0054] Moreover, although p-SiOF is performed by one of ICP-CVD (the bias efficient consumer response-CVD which used 
the parallel monotonous CVD which used the frequency of 13.56MHz, 13.56MHz, the parallel monotonous CVD using 2 
400kHz cycles and a 2.45GHz RF, and 13.56MHz bias, 2.45GHz, and 13.56MHz), or the Helicon CVD, its high-density 
plasma CVD methods, such as bias efficient consumer response-CVD, ICP-CVD, and the Helicon CVD, are better. 
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[0055] In order to abolish moisture absorption of the SiOF film after CMP completely furthermore, you may add 
300-450-degree C heat treatment after CMP. the atmosphere in the case of this processing - the inside of 02, N2, H2, and a 
vacuum, and the inside of Air and helium — any one — or two or more sets may be seen and doubling is sufficient 
[0056] Moreover, Si02 Although SiOF thickness was set up for convenience in order to show an example, the combination 
of thickness which is different if it sets up so that only the 2nd SiOF may be processed by CMP processing is sufficient. 
[0057] Moreover, the 2nd p-SiOF film may be made into concentration with a fluorine concentration of 4.0x1021 atoms/cc 
less than ], and you may make it the multilayer which is different in fluorine concentration in the range. Moreover, since 
there is a merit of this invention if the 1 section also of 1st p-SiOF layer also exists in a wafer even if the place whose 
fluorine concentration is 4.0x1021 atoms/more than cc is not the whole wafer surface, such an embodiment is also included 
in the range of the invention in this application. Moreover, although the 2nd p-SiOF film was limited with 4.0x1021 atoms/cc 
[ less than ] fluorine concentration, it can restrict to the field to which the 2nd p-SiOF film is all removed at CMP processing, 
and the film of the fluorine concentration beyond it can also be used. 

[0058] the specific inductive capacity of the silicon oxide which contains the 1st fluorine by the method of this invention ~ 
3.3 or less - desirable ~ 3.2 or less -- it is - the minimum 2.8 -- it is 2.9 preferably moreover, the specific inductive 
capacity of the silicon oxide containing the 2nd fluorine -- 3.3 -- exceeding - desirable ~ 3.4 or more — it is - the upper 
limit — 4.1 -- it is 3.9 preferably 

[0059] Moreover, the fluorine concentration of the silicon oxide which contains the 1st fluorine by the method of this 
invention is 4.0x1021 atoms/more than cc, it is a 6.0x1021 atoms/cc [ more than ] ratio preferably, and the upper limit is 
8.0x1021 atoms/cc preferably 1.0x1022 atoms/cc. 

[0060] Moreover, the fluorine concentration of the silicon oxide containing the 2nd fluorine is 2.0x1021 atoms/less than cc 
preferably 4.0x1021 atoms/less than cc ; and the minimum is 1.0x1020 atoms/cc. 

[0061] In addition, the specific inductive capacity of the silicon oxide in which the specific inductive capacity of the silicon 
oxide containing the 1st fluorine in this example contains 3.0 and the 2nd fluorine was 3.5. 

[0062] Furthermore, in the after [ blanket WCVD ] examples 1 and 2, although etchback was performed, you may perform 
metal CMP. Moreover, you may carry out by selection W-CVD. Moreover, it is 02 because of a wettability improvement 
before CMP of a p-SiOF film, and CMP of the above-mentioned metal. You may perform plasma. 

[0063] Moreover, p-SiOF/p-Si02 of the 2nd example It is better for a laminating to carry out by continuation growth for a 
laying-under-the-ground nature improvement especially in the case of a bias high-density plasma CVD method. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] ~" " " ~ 

[Drawing 1] The process-flow view of the 1st example of this invention. 

[Drawing 2j The process-flow view of the 2nd example of this invention. 

[Drawing jj The process- flow view of the 1st conventional example of an experiment. 

[Drawing 4j The process-flow view of the 2nd conventional example of an experiment. 

[Drawing Drawing showing the fluorine content of a fluorine content silicon oxide, and the inclination of a dielectric 
constant. 

[Drawing 6] Drawing showing the fluorine content of a fluorine content silicon oxide, and a hygroscopic inclination. 
i —description of Notations] 

The sign used in drawing 1 - drawing 6 shows the following. 

101 1st Metal 

102 1st P-SiOF Film 

103 2nd P-SiOF Film 

104 Beer Metal 

105 2nd Metal 

201 1st Metal 

202 lstP-Si02 Film 

203 1st P-SiOF Film 

204 2nd P-SiOF Film 

205 2nd P-Si02 Film 

206 Beer Metal 

207 2nd Metal 

301 1st Metal 

302 P-SiOF Film 

303 Beer Metal 

304 2nd Metal 

401 1st Metal 

402 1st P-Si02 Film 

403 P-SiOF Film 

404 2nd P-Si02 Film 

405 Beer Metal 

406 2nd Metal 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 6] 
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